We present global positioning system observations that capture the full inland extent of ice motion variations in 2009 along a transect in the west Greenland Ice sheet margin. In situ measurements of air temperature and surface ablation, and satellite monitoring of ice surface albedo and supraglacial lake drainage are used to investigate hydrological controls on ice velocity changes. We find a strong positive correlation between rates of annual ablation and changes in annual ice motion along the transect, with sites nearest the ice sheet margin experiencing greater annual variations in ice motion (15 -18 %) than those above 1000 m elevation (3 -8 %). Patterns in the timing and rate of meltwater delivery to the ice-bed interface provide key controls on the magnitude of hydrologically-forced velocity variations at each site. In the lower ablation zone, the overall contribution of variations in ice motion to annual flow rates is limited by evolution in the structure of the * Corresponding author subglacial drainage system. At sites in the upper ablation zone, a shorter period of summer melting and delayed establishment of a hydraulic connection between the ice sheet surface and its bed limit the timeframe for velocity variations to occur. Our data suggest that land-terminating sections of the Greenland Ice Sheet will experience increased dynamic mass loss in a warmer climate, as the behaviour that we observe in the lower ablation zone propagates further inland. Findings from this study provide a conceptual framework to understand the impact of hydrologically-forced velocity variations on the future mass balance of land-terminating sections of the Greenland Ice Sheet.
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The aim of this study is to provide a clearer understanding of the mech- 
Data and Methods

110
GPS data
111
We used dual-frequency Leica 500 and 1200 series GPS receivers to col-112 lect the season long records of ice motion at each site. Each GPS antenna 113 was mounted on a pole drilled several metres into the ice, which froze in 114 subsequently, providing measurements of ice motion that were independent 115 of ablation. The GPS receivers collected data at 30 second intervals that 116 were processed using a kinematic approach relative to an off-ice base station 
244
Immediately prior to the spring events most sites also experience a short 245 period of increased velocity in the absence of uplift of the ice surface, which 246 we attribute to mechanical coupling to ice downglacier that is already mov- 
296
In addition to these short-lived events, ice velocities at sites 1, 2 and 3 297 are higher on the rising limb of the seasonal runoff hydrograph for Leverett 298 Glacier, subdued following peak discharge on July 21st, and display a re-299 turn to winter background rates in late August, when runoff is diminishing 300 (Figure 2a-c. h ). 'Slower than winter' ice velocities are also observed for a 301 short period at some sites once the summer melt has stopped, however this 302 signal is not large enough to have a significant impact on rates of annual ice and adjusts relatively slowly to changes in water flux (Röthlisberger, 1972; 317 Schoof, 2010), the system never reaches steady-state. We argue, therefore, 318 that once a conduit has been established to deliver surface meltwater to the 319 glacier bed, large changes in the rate of meltwater delivery to the subglacial 320 hydrological system will continue to force velocity variations.
321
This analysis explains why high-velocity events at sites 1, 2 and 3 occur 322 on the rising limb of the discharge hydrograph, when the system is contin- 
Changes in annual motion
418
Annual mean ice velocities at sites 1 -7 respectively are 16.7 %, 18.4 %, The relationship between rates of annual ablation and the amplitude of 
514
At these sites, hydrologically-forced ice acceleration is greatest on the rising 515 limb of the seasonal runoff hydrograph, when the hydraulic capacity of the 516 subglacial drainage systems is consistently exceeded. However, we find that this behaviour is not replicated at sites in the upper ablation zone (>1000 518 m), where the period of summer melting is shorter, and the establishment of 519 a hydraulic connection between the ice sheet surface and its bed is delayed, 520 limiting the timeframe for velocity variations to occur.
521
In a warmer climate we expect seasonal melting of the GrIS surface to 522 extend over a wider area, and to be more prolonged (Hanna et al., 2008) . 
